Abstract There is increasing evidence that metalloproteinases are involved in neuropathic pain [Dev et al., Expert Opin Investig Drugs 19:455-468 2010] Hence, the identification of molecules that can regulate MMP9 and MMP2 is warranted. In a recent publication, Kular et al. (2012) claim that CCN3 functions to decrease inflammatory pain via the regulation of two metalloproteinases, MMP2 and MMP9, in response to experimentally-induced inflammation. Their conclusion is based on the following observations : i) the expression of CCN3 was reduced following induction of pain by subcutaneous injection of complete Freund's adjuvent in rat's paw, ii) an inhibition of MMP9 decreased CFAassociated mechanical allodynia, iii) inhibition of CCN3 expression by siRNA led to an upregulation of MMP2 in the dorsal horn of the spinal cord (DHSC) and MMP9 in the dorsal root ganglia (DRG), iv) a partial effect of CCN3 on CFA-induced expression of MMP9 and MMP2 in DRG and DHSC following intrathecal injection of CCN3. Unfortunately, the conclusion of this study is weakened by the lack of experimental evidence showing a direct relationship between the expression of CCN3 and MMPs. Furthermore, several results contained in this manuscript only confirm data that were previously established by others. Owing to the wide range of activities which have been attributed to
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Keywords

Scientifique perspective
An increasing body of evidence supports the idea that proteins of the extracellular matrix (ECM) are major players in the global control of intercellular communication and integration of environmental signals. Among them, the members of the CCN family of matricellular proteins constitute a new group of signaling regulators.
As previously suggested (Perbal 2001; 2004 ) the unique tetramodular structure of CCN proteins sets the stage for combinatorial events leading to the wide array of cell and environment specific biological functions that have been attributed to CCN proteins (Perbal 2001 and manuscript in preparation) .
Each of the four constitutive modules of CCN proteins allows physical and functional interactions with large families of proteins and ligands that are involved in the control of various aspects of signaling.
Along this line, processes that control the temporal and local bioavalability of CCN partners are critical to confer on these proteins their wide range of specific functions and provide clues to better understand how proteins sharing so much identity may exhibit adverse effects (Perbal 2001 and manuscript in preparation) . This situation may indeed explain apparently contradictory observations that are, in fact, due to the very nature of the multimolecular complexes in which CCN proteins are involved at a precise time in a precise location.
Hence, the unique structure of CCN proteins is likely to confer on these proteins a central role in physically networking signaling pathways that need to be activated or silenced in a coordinated fashion in response to a wide array of stimuli from birth to death (Perbal manuscript in preparation) .
Amongst the many biological functions attributed to CCN proteins over the past decade, a role for CCN3 in biological functions of the nervous system was first suggested by the detection of CCN3 in kidney's neuronal soma (Chevalier et al. 1998) . Interestingly the CCN3 protein was detected in neuronal processes, indicating that it was synthesized in neuron cell bodies and transported along axonal processes, an observation suggesting a possible role of CCN3 in nerve conduction.
A comprehensive analysis of CCN3 expression in the central nervous system (CNS) of human and rat were performed in collaboration with the laboratory of Pr. Cai (Chongqing, China), Pr. Schofield (Cambridge, UK) and Dr. Yeger (Toronto, Canada). Our published data (Su et al. 1998 (Su et al. , 2001 Kocialkowski et al. 2001 ) established that expression of CCN3 followed a spatio-temporal regulation in the developing CNS. Neurons positive for CCN3 were first detected in the spinal cord, both in the ventral region at 16 weeks of gestation (G16W) and in the dorsal region at G38W. A positive staining for CCN3 was also detected at G16W in the principal nucleus of the inferior olive, the hypoglossal nucleus and the dorsal motor nucleus of vagus and at G28W in the nucleus of the spinal tract of the trigeminal and cuneate nucleus. At G38W the abducens nucleus of pons, the red nucleus and the substantia nigra of the midbrain, the ventral posterolateral and the mediodorsal thalamic nucleus stained positive. A strong labeling was also detected in the striatum of the cerebrum and the cerebral cortex of the parietal lobe.
Therefore CCN3 is mainly expressed in somato-motor neurons in the lower central nervous system at early developmental stages and in the higher central nervous system at later stages.
In the late phase of first trimester development, CCN3 labeling of the floor plate becomes prominent and in the caudal (lumbar) portion of the spinal cord is accompanied by labeling of the cell bodies of neurons in the ventral horns. High levels of CCN3 signal are seen in the dorsal root ganglia (DRG) in all of the ages examined.
The first evidence that suggested a possible role for CCN3 in the treatment of pain, was obtained in the course of studies which established that CCN3 and CCN2 proteins participated in the regulation of calcium flux and mobilisation of internal stores (Li et al. 2002; Lombet et al. 2003; Perbal 2003) .
Indeed, a wide array of observations point to a critical role of calcium signaling in the transmission of pain signals. For example, calcium channels are known to be key mediators of nociceptive signaling in the DRG (Altier and Zamponi 2004) , and altered expression of sodium channels was proposed to account for decrease nociceptive thresholds to mechanical stimuli (Nishimura et al. 2010 ). More recently, blockade of voltage-gated Ca² + channels on sensory nerves was shown attenuates neurotransmitter release and membrane hyperexcitability associated with chronic pain states.
Critique
In their analysis of inflammatory pain, Kular et al. (2012) did not consider the aforementioned important physiological effects of CCN3. They only focused their attention on the observed variations in the levels of two metalloproteinases MMP9 and MMP2 upon manipulation of CCN3 expression levels. The involvement of MMP9 and MMP2 in the development and maintenance of neuropathic pain has been extensively studied (Dev et al. 2010; Zhang et al. 2011 ) and the roles of CCN proteins in various inflammatory processes has been largely documented and remains under intense investigation (Bleau et al. 2005; Lin et al. 2005; Perbal 2006; Hughes et al. 2007; Lin et al. 2010; Pasmant et al. 2010; Shimoyama et al. 2010; Lemaire et al. 2010; Chen and Lau 2010; Le Dréau et al. 2010; Rittié et al. 2011; Janune et al. 2011) .
In order to claim that CCN3«attenuates inflammatory pain through regulation of matrix metalloproteinases −2 and −9»would first require establishing unequivocally that these two proteinases are indeed involved in inflammatory pain, and second demonstrating that CCN3 plays a role in the regulation of MMP2 and MMP9 expression in the effector cells.
Thus in the absence of a mechanistic approach, the data reported Kular et al. (2012) do not fulfill these important requirements.
Even though a qualitative link between MMP9 and CCN3 had previously been suggested in the case of Ewing's tumors (Benini et al. 2005) , showing that ectopic variations of CCN3, in their model of CFA-induced pain, are accompanied by variations in the levels of these MMPs is not sufficient to establish functional relationships between these proteins and a role for CCN3 in the attenuation of pain.
As has been famously said : « When your remove the legs of a flea and order it to jump, its incapacity to do so does not imply that removing legs induces deafness » A number of other claims within the manuscript would have required additional experimental support .
For example, data regarding the variation of CCN3 mRNA over time following CFA injection showed that the level of CCN3 dropped at day 15 in DRG. Curiously, the three flanking points (days 7, 21 and 60) showed the same levels as in the control. The authors then concluded that the expression of CCN3 is temporally regulated.
To arrive at this conclusion would require at least conducting a time-course type of experiment within a shorter window of time, around day 15 to document the kinetics of CCN3 downregulation. This is critical to any kind of further conclusion.
In the same figure, the relative mRNA levels showed that after a drop at day 15 (about 60 %), CCN3 mRNA levels increased at days 21 and 60 reaching 40 % of the initial value in DHSC. Concomitantly, the amounts of CCN3 protein in DHSC, dropped gradually from day 7 (about 10 %) to day 60 (about 40 %). Upon examination these data do not appear to be in accordance with the author's statement that« NOV protein quantification…»is«consistent with the NOV RNA expression pattern in DHSC ». On this basis, although the data contained in this manuscript might be of interest in the frame of inflammatory pain, it would necessitate that the conclusions be extended, confirmed and sustained by unequivocal data.
A discussion addressing the biological significance of these observations, in the context of the pleiotropic CCN proteins functions, would have considerably strengthened the message of the manuscript.
Bearing in mind what has been presented here the conclusion drawn by the authors about the potential administration of CCN3 for the therapy of pain is challenged by critical aspects that have not yet been sufficiently addressed.
These are :
1) It is now well established that the expression of CCN3 and CCN2, two proteins showing antagonistic effects, is coordinately regulated in many tissues (Kawaki et al. 2008; Riser et al. 2009 ). Both are potent regulators of calcium channelling. Therefore is CCN2 expression involved in inflammatory pain and could it be a useful target ? 2) Since CCN3 is a strong inhibitor of anionic channels, sustained systemic injection of CCN3 might have dramatic consequences. This aspect is of considerable importance, as the aim, not to be forgotten, is to eliminate pain, and not the patient.
In summary, much more needs to be investigated regarding the role of CCN3 in the critical physiological aspects of pain and pain management. It is hoped that the insights provided in this critique will stimulate further research in the CCN field.
